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Kohn and Liversedge  (1)  have  shown that  tissues  incubated  aerobically 
produce a substance which reacts with p-aminobenzoic  acid (PAB)  to form a 
yellow soluble compound and with thiobarbituric acid to form a  red soluble 
complex.  Brain produces  the greatest amount per unit weight,  followed by 
liver and kidney, and traces were found in other tissues.  The substance is 
produced in broken-cell suspensions or in tissue slices, but only in the presence 
of oxygen.  A number of drugs inhibit the reaction and the authors postulated 
that an enzyme oxidizes a precursor present in these tissues to a product which 
would then react with either p-aminobenzoic  acid or thiobarbituric acid.  It 
seemed likely that this product was an aromatic aldehyde with hydroxy groups 
attached to the ring  because p-hydroxybenzaldehyde, but not benzaldehyde, 
condenses with p-aminobenzoic acid to produce a yellow color, the absorption 
spectrum of which is similar but not identical with that given by the oxidation 
product of the tissues.  Because of the possible importance of this oxidation, it 
was of interest to study it in greater detail. 
EXPERIMENTAL 
Rat brains were used for most of the experiments.  They were ground in a 
mortar and squeezed through muslin,  Approximately 90 rag. wet weight of 
tissue suspended  in 0.5 ml. M/20 Na~K phosphate buffer pH 6.7  were  incu- 
bated in flasks with 1.5 ml. of buffer and shaken in air at 37-38 ° C. for varying 
periods of time.  At the end of the incubation period  1.0 ml.  of 20 per cent 
trichloroacetic acid and 1.0 ml. of 1 per cent p-aminobenzoic acid were added 
to 2.0 ml. of suspension and the precipitate was centrifuged down.  The liquid 
was poured off, diluted to 10.0 ml. with water, and the color read in an Evelyn 
colorimeter with a 420 filter.  The readings obtained were proportional  to the 
concentration at low concentrations  only.  A calibration curve was used  to 
make necessary corrections at higher concentrations. 
The first experiments were based on the assumption that an enzyme present 
in brain was oxidizing a  substrate.  Therefore brain suspensions  were  thor- 
oughly washed five times with excess buffer pH 6,7 by centrifugation.  Such 
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suspensions when incubated gave little or no color with PAB, presumably be- 
cause the substrate had been removed by the washing.  In order to obtain a 
concentrated solution of substrate brains were ground in, 20 per cent trichloro- 
acetic acid, extracted for 30 minutes, centrifuged, and the liquid extracted with 
washed ether to remove the trichloroacetic acid.  The solution was  then ad- 
justed  to  pH  6.7.  On  incubation it produced  no color with  PAB  but  the 
addition of washed brain produced a  color,  the intensity of which, however, 
was not proportional to the amount of substrate solution.  This fact was not 
consistent with a simple enzyme-substrate relationship. 
The properties of the washed brain suspension were then investigated.  It 
was placed in a boiling water bath for varying lengths of time and subsequently 
incubated with the "substrate" solution.  Boiling for 10 minutes, which com- 
pletely inactivated the enzymes responsible for the oxidation of glucose, lactate, 
pyruvate, tyramine, and p-phenylenediamine, only slightly impaired the color 
production with PAB.  Even after 60 minutes boiling some activity remained. 
The enzyme, if such it were, was very thermostable.  The washed brain could 
be precipitated with alcohol and acetone and kept for several months in the dry 
state  without  loss  of  activity.  Treatment  with  strong  acid,  however,  in- 
activated it. 
Boiling the "substrate" solution in acid and alkali caused partial inactivation. 
Addition of small amounts of Iff.oCh  for 10 to 15 minutes before incubation with 
washed  heated  brain  cause  complete  inactivation.  Removal  of  the  excess 
H20~ with blood catalase before incubation gave the same result, indicating that 
the "substrate" was inactivated by H~02 and not the washed brain. 
The reaction between the washed heated brain and the "substrate" solution 
can be inhibited by a  number of compounds.  The most active of these in- 
hibitors are the aromatic hydroxy compounds such as epinephrine, catec,  hol, 
quinone, and gallic acid.  This effect along with certain others is shown in 
Table I.  Metal ions, with the exception of copper which inhibits, are without 
effect in the concentrations used.  Rat and rabbit serum also inhibit, possibly 
by adsorbing the "substrate."  Washed heated brain and "substrate" solution 
when mixed take up oxygen and this uptake is also inhibited by the same com- 
pounds which inhibit the  production of  the  substance  that condenses with 
PAB.  These compounds added after the incubation but before the addition of 
PAB have no effect; i.e., they do not interfere with the condensation. 
The occurrence of the reaction in tissues of  various  animals  is  shown  in 
Table II.  The tissues were ground but not washed and incubated at pH 6.7. 
The results are expressed as units per gram wet weight of tissue.  In certain 
instances "substrate" solution from rat brain was added because of the proba- 
bility of the "enzyme" being present but the "substrate" lacking.  In no case 
did the addition of "substrate" to a  negative tissue change the result.  Ap- 
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Other than the production of the substance which condenses with PAB and 
the oxygen uptake there was  no  clue as  to  the nature  of the  reaction.  No 
ammonia was produced, no -SH groups appeared or disappeared, and a number 
of spot tests for various groups were negative.  It was found, however, that the 
addition of small amounts of ascorbic acid to washed heated brain in the ab- 
seance of "substrate" caused the production of the substance which condenses 
TABLE I 
The Effect  of  Various  Substances  on tke  Washed  Heated  Brain  Preparation  in  Ihe 
Presence  of "Substrate"  Solution  or Aseorbic  Acid 
Several different brain preparations were used.  Incubation 45 minutes in air at 37°C. 
The substances added at the end of the incubation period before the PAB do not inhibit the 
color formation.  The figures are in arbitrary units.  The inhibitor concentrations are in 
milligrams per 2.0 ml. 
Brain pre- 
Brain pre-  Brain pre-  l~ratlon 
Brain pre-  paratlon  paratlon  + 
Imration  +  Percentage  Percentage 
q-  "substrate"  inhibition  "1"  ascorbic  inhibition  ascorbic  acid 
"substrate"  4"  acid  + 
inhibitor  inhibitor 
Inhibitor 
345  80  77  527  168  68  0.5 rag. epinephrine 
424  401  5  0.5 rag. ephedrine 
350  54  84  549  178  68  0.5 rag. catechol 
316  77  76  549  326  41  0.5 rag. gallic acid 
350  227  35  549  485  12  1.0 mg. resorcinol 
308  44  86  549  165  70  1.0 rag. p-cresol 
308  257  17  549  435  21  1.0 nag. tyramine 
308  308  0  549  549  0  1.0 rag. tyrosine 
424  345  19  549  527  4  0.1 rag. NaCN 
175  146  17  549  390  29  1.0 rag. thiourea 
286  54  86  520  69  87  0.5 rag. CuSO, 
308  96  68  1.0 rag. aUoxan 
331  56  83  0,2 nag. hydroquinone 
385  110  73  596  140  77  0.1-0.3 ml. rat or rabbit 
seruln 
385  274  29  10 nag. purified globulin 
with PAB.  The absorption curve of the color thus produced was identical with 
that produced when the "substrate" solution was used, both being identical with 
the curve found  by Kohn  and Liversedge.  Apparently ascorbic acid in  the 
"substrate"  solutions was responsible for the reaction.  Further evidence for 
the identity of ascorbic acid and  the  "substmte"  is shown  in Table I.  The 
same compounds which inhibit the reaction with  the  "substrate"  inhibit the 
reaction when ascorbic acid is used.  Moreover, pretreatment of ascorbic acid 
with H202 inactivates it just as it inactivates the "substrate." 
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ascorbic  acid  instead of  "substrate"  could  be  used.  It  was  found  that  the 
amount of color produced when ascorbic acid was incubated with the washed- 
heated  brain preparation was independent of the ascorbic acid concentration 
down  to  503'.  Below  this  amount  rough  proportionality was  obtained:  Orr 
the other hand the color was proportional to the amount of brain preparation. 
TABLE II 
The Aalvity of Tissues of Varieus Animals  Incubated in the Presence of 
Either "Substrate" Solution or Ascorbia Acid 
The figures are in arbitrary units and represent the amount of color produced per gram of 
wet weight of tissue after 45 to 60 minutes' incubation in air at 37  °  . 
Animal 
Frog 
Rana pip4ens  Brain 
Tissue 
Turtle 
Pseudemys troostli 
Molluscs 
Maerocallista 
nimbosa 
Venus mercenaria 
Ostrea ~irginica 
Busycon carica 
Gastrocnemius 
muscle 
Gastrointestinal 
tract 
Heart 
Liver 
Kidney 
Brain 
Striated muscle 
Small intestine 
Heart 
Kidney 
Pancreas 
Mantle edge 
Gill 
Adductor muscle 
Mantle edge 
Gill 
Adductor muscle 
Mantle 
Adductor muscle 
Foot 
Colortmeter 
reading 
2578 
0, 336, 1790 
660 
111 
0 
0 
1176 
0 
35 
0 
23 
30 
110 
418 
105 
426 
281 
117 
274 
185 
25 
Animal 
Rat 
Guinea 
pig 
Mouse 
Rabbit 
Colori- 
T/ssue  meter 
reading 
Brain  5920 
Kidney  803 
Liver  1030 
Kidney  568 
Liver  518 
Brain  1220 
Kidney  819 
Liver  375 
Brain  394 
Kidney  48 
Liver  24 
Heart  0 
Adrenals  73 
Experiments  on  the  oxygen  uptake  showed  the  same  relationship.  Table 
III and  Fig.  I  show  these results.  Presumably,  therefore, ascorbic acid cat- 
alyzes the oxidation of a  compound which is linked to the brain protein and is 
not removed from it by washing with water, alcohol, or acetone.  During the 
oxidation the linkage is broken and  the compound goes into solution and can 
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The ascorbic acid was estimated before and after incubation with the brain 
preparation :by indophenot titration and by the method of Roe and Kuether 
(2).  The values by the first method were as follows: with 0.5  ml.  of brain 
preparation to which 0.5 and 0.1 rag. of ascorbic acid had been added:  before 
incubation,  4.7  and  1.2  ml.;  after incubation,  3.3  and  0.2  ml.  respectively. 
The ascorbic acid is therefore oxidized in the process.  The PAB color values 
for the two concentrations of ascorbic acid were 564 and 520.  The Roe and 
Kuether method which estimates all the ascorbic acid as dehydroascorbic acid 
gave a  colorimetric value of 265 before and after incubation of 0.1 mg. of as- 
corbic acid with  the  brain  preparation.  The value obtained on 0.1  mg.  of 
ascorbic acid alone was 265 and brain alone gave 19.  Therefore almost all the 
ascorbic acid incubated with brain can be recovered as dehydroascorbic acid. 
TABLE III 
The E.ffezt of Different Amounts  of Washed Heated Brain Preparation and Different 
Amounts  of Ascorbic Acid 
Incubated 120 minutes in air at 37  °.  The figures are in arbitrary units. 
]Brain preparation  Ascorbic acid  Colorimeter reading 
0.05 
0.10 
0.20 
0.40 
0.10 
0.10 
0.10 
0.10 
mg. 
0.5 
0.5 
0.5 
0.5 
0.01 
0.05 
0.10 
0.20 
108 
204 
405 
720 
175 
249 
246 
238 
Since anaerobic incubation of brain and ascorbic acid yields no substance which 
condenses with PAB, it is reasonable to assume that dehydroascorbic acid is the 
oxidizing, agent.  It is apparently specific because methylene blue and quinone 
are inactive as measure  d by their effect on the oxygen uptake.  The oxidation 
is not reversible since anaerobic following aerobic incubation does not reduce the 
color formation with PAB. 
The copper ion added to the brain preparation and ascorbic acid inhibits the 
production of the compound which condenses with PAB.  This fact brings up 
the possible relationship between copper and ascorbic acid.  It would  seem 
that metal ions present in the brain preparation do not normally play any part 
in the reaction because comparatively large amounts of cyanide do not affect 
the oxygen uptake  and only slightly inhibit color production.  It has been 
fourid; however, that occasionally copper added to the brain preparation with- 
out ascorblC acid produces the substance which gives the color with PAB and 200  Nsw METABOLITE 
this color has an absorption spectrum identical with that of the ascorbic  cid 
product.  This effect of copper is very sporadic, occurring not more than once 
in twenty different brain preparations and for no definable reason.  Whe  it 
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Fzo. 1. The oxygen uptake of washed heated brain preparation in the presence of 
ascorbic acid at pH 6.7~ 37°C.  The brain preparation alone takes up no oxygen. 
Curves A, B, C, D: 0.8, 0.6, 0.4, and 0.2 ml. of brain preparation with 0.4 nag. ascorbic 
acid.  Curve E:  the autoxidation of 0.4 rag. ascorbic acid.  Curve F: another brain 
preparation with either 0.2 or 0.4  mg. ascorbic acid.  Curve G:  brain preparation, 
0.4  mg. ascorbic acid  and  0.1  rag.  NaCN.  Curve H: brain preparation,  0.4  mg. 
ascorblc acid and 0.5 rag. epinephrine. 
does occur, the copper increases the ascorbic acid effect, whereas,  normally, as 
stated above, copper inhibits it.  There is at present no explanation for this 
phenomenon. 
Attempts were made to determine whether a substance which condenses with 
PAB  occurs in plants.  Peas were sprouted between layers of paper in peat 
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Addition of trichloroacetic acid and PAB  to this extract gave a  yellow color 
with the peak of the absorption spectrum shifted to the left of the one obtained 
with  animal  tissues.  Incubation of  the extract before the addition  of PAB 
increased the color only slightly.  The colorimeter values obtained  with 0.5 
gin. of pea roots at pH 7.0 were as follows: Nc>PAB, 24; PAB on unincubated 
extract 175; after incubation 261.  Incubation with catechol had a  negligible 
effect. 
DISCUSSION 
Under normal conditions molecules of small molecular weight may be com- 
bined with tissue proteins.  An example of this is histamine, which is appar- 
ently combined with a number of proteins through a peptide linkage (3).  The 
experiments reported here indicate that brain protein (as well as that of several 
other organs but not that of blood) is combined with a compound which prob- 
ably contains hydroxy groups attached to a ring.  The linkage is stable because 
extensive washing and heating fail to break it.  It is, however, very susceptible 
to oxidation in  the presence of ascorbic acid which acts as a  catalyst.  The 
oxidation is accompanied by the splitting of the compound from the protein and 
the formation or exposure of an aldehyde group.  The concentration of the 
compound in the same organ of animals of the same species varies a great deal 
(cf.  frog muscle  in  Table II)  which indicates a  rapid  metabolism.  In  vitro 
the reaction is rapid; a detectable amount of the compound is produced within 
a  few minutes of the addition of the ascorbic acid  to the brain preparation. 
The possible pharmacological properties of the compound, its chemical nature, 
and  its status  in  the scorbutic animal  are questions which  await further in- 
vestigation. 
SUMMARY 
1.  A  number of tissues,  in particular,  brain,  liver,  and  kidney,  incubated 
aerobically in ~tro as slices or ground suspensions produce a  compound which 
combines with p-aminobenzoic acid  in  acid  solution to form a  yellow color. 
2.  A study of this reaction in rat brain has shown that this compound can be 
produced  when  washed  boiled  brain  protein  is  incubated  aerobically  with 
ascorbic acid.  The latter acts as a  catalyst to break the linkage between the 
protein and the compound.  Oxygen is taken up in the process. 
3.  A number of aromatic hydroxy compounds such as epinephrine and cate- 
chol inhibit the reaction.  Cyanide has little or no effect.  No reaction occurs 
anaerobically. 
4.  The occurrence of the reaction in some animals has been described. 
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